In this study, the authors aim to examine the root causes of the delays in reaching a definitive diagnosis of lung cancer in time and investigate to reduce it by Six Sigma Methodology. The SIPOC table, Fishbone diagram and FMEA table are generated. Thirteen types of causes are identified. They cause patients with lung disease to enter the Stage IIIB and Stage IV. It is concluded that absence of patient's check-up habit and patient's anxiety and worry that cause late admission to doctor are the crucial causes of delays that may lead to inoperability.
Introduction
Lung cancer is a major global health problem and a leading cause of death in both men and women. After prostate cancer, it is the second most common fatal type of cancer in men and the fourth most common fatal type of cancer after breast, colorectal and uterus cancers in women (Ferlay et al., 2013) .
In the last few decades, there has been a large increase in the number of cases of lung cancer in developing countries. The estimated numbers of lung cancer cases worldwide has increased by 51% since 1985 (Charles et al., 2011) . Globally, there are an estimated 1.4 million deaths each year which represents 18.4% of cancer deaths (Ferlay et al., 2013) .
The American Cancer Society's estimates for lung cancer in the United States for 2015 are about 221,200 new cases of lung cancer (115,610 in men and 105,590 in women); and 158,040 deaths from lung cancer (86,380 in men and 71,660 among women) (American Cancer Society, 2014) .
Statistics that compare aspects of quality of care for people with lung cancer are limited in Turkey. While lung cancer is the most common fatal type of cancer in Turkish men with an incidence of 60.57±0.61/100.000 people, it is the sixth most common cancer in Turkish women after breast, thyroid, colorectal, uterus and stomach cancers (Turkish Ministry of Health, 2015) . It is observed in Turkey that 59.4% of lung cancer cases have made distant metastasis (Turkish Ministry of Health, 2015) .
Diagnosis of stage for any type of cancer is essential for treatment recommendations. Once an accurate objective staging process has been established; then, treatment recommendations can be made. Surgery has been shown to be the most effective form of treatment for lung cancer. However, IIIB and IV are the stages of inoperability for lung cancer patients. In the United States, the observed survival rates for Stage IIIB and Stage IV are 5% and 1%, respectively (The National Cancer Institute, 2015) . Since these cancers have spread to nearby and/or distant sites, they are very hard to cure and surgery is not an option for treatment. Thus, timely diagnosis is crucial for curing the patients at risk.
Reducing the causes of delays is of utmost importance for saving patients' lives.
Cancer survival is crucial but delayed diagnosis can also have a negative effect on quality of life, with the use of more toxic treatments when cancer is diagnosed at Stage IIIB or Stage IV, and an increase in psychological distress (Risberg et al., 1995) .
The majority of lung cancers (>80%) are diagnosed and treated at an advanced stage, i.e. stage IIIB and IV, by when they are beyond the scope of curative resection (Chandra et al., 2009; Mountain, 1997) . This may, in part, be due to a long delay between the onset of symptoms and establishment of a diagnosis and finally, initiation of treatment.
National Patient Safety Agency (2010) stated that delays might result from three sources: patient, healthcare practitioner or provider and system. They focused on patient delay in the diagnostic journey. They defined patient delay as the length of time an individual will be aware of symptoms before seeking healthcare practitioner advice, and highlighted the risk factors as symptom recognition and interpretation, psychological factors and sociodemographic/ethnicity factors.
Dependent on several modifiable and non-modifiable causes, delay is variable and ranges from three to six months in Western countries (Billing and Wells, 1996) . The causes of delay include lack of patient awareness of the disease, lack of accessibility to health care, and aggressiveness of the diagnostic approach (Chandra et al., 2009 ). In addition, these causes lead to a situation in which curable disease becomes incurable. Since many of these causes are modifiable, it was crucial to quantify the delay from symptom onset to treatment, as this had definite implications on patient survival (Chandra et al., 2009 ). Singh et al. (2010) stated that understanding delays in cancer diagnosis requires detailed information about timely recognition and follow-up of signs and symptoms. They reviewed 587 new patients with lung cancer of two tertiary institutions and reported that 38% of cases had missed the opportunities to establish a diagnosis of lung cancer. They concluded that preventable delays in lung cancer diagnosis arose mostly from failure to recognize documented abnormal imaging results and failure to complete key diagnostic procedures in a timely manner. In addition, they stated that potential solutions include electronic health record-based strategies to improve recognition of abnormal imaging and track patients with suspected lung cancers (Singh et al., 2010) .
Both O'Rourke and Edwards (2000) and Mohammed et al. (2011) described tumor progression and inoperability following delays in starting treatment. O'Rourke and Edwards (2000) concluded that limited access to specialists was the reason for the poor performance in treating lung cancer in the UK. They demonstrated that the outcome was prejudiced by waiting times that allowed tumor progression. On the other hand, Mohammed et al. (2011) concluded that diagnosis, staging, and treatment initiation should be expedited. Gonzalez et al. (2003) studied the clinical and demographic factors associated with delays in the diagnosis of lung cancer. They concluded that the attitudes of primary care physicians and their relations with specialized care providers were crucial for reducing delays. Myrdal et al. (2004) studied two types of delays: symptom to treatment delay and hospital delay. Their results indicated that longer delay before treatment of lung cancer patients was not associated with a poorer prognosis, indicating that patients with more advanced disease received treatment more promptly because of the severity of their signs and symptoms.
A systematic review from Olsson et al. (2009) found that there was no clear evidence that a timely diagnostic pathway could result in improved survival.
To date, no quality improvement method has been applied to decrease cancer related mortality rate. Being important dimensions of health care quality; early detection, timely diagnosis and treatment of lung cancer will reduce mortality rate and improve quality of life. To achieve these, authors used a continuous quality improvement method named Six Sigma. In this study, statistical tools of Six Sigma were used in order to calculate and report the causes of delay in terms of sigma level.
Methods
A total of 277 consecutive patients with stage IIIB and IV lung cancer between February 2011 and March 2014 in a chest diseases clinic at a private hospital were included in the study. The hospital records of 46 (16.6%) patients were not available for this retrospective study, and these patients have therefore been excluded from the analysis. As a result, the study was completed with 231 patients.
The mean age of the patients was 56.1±11.9 years. 72(31.1 %) of the patients were female and 149 (68.9 %) were male. All clinical information and doctor visits were retrospectively reviewed from patients file. Structured telephone or face-to-face interviews with patients and/or their relatives were conducted using a standardized data collection form. All chest radiographs were reinterpreted by two radiologists. One pathologist re-examined all pathologic results.
The authors made use of descriptive statistics and Six Sigma's tools to measure the causes of delays that lead to inoperability. Normal distribution underlies Six Sigma's statistical assumptions. An empirically-based 1.5 sigma shift is introduced into the calculation. A higher sigma level indicates a lower number of causes and a more efficient process.
The authors calculated the current defective parts per million opportunities (DPMO) and sigma level for each type of cause. For the calculations, the authors made use of two distinct datasets, i.e. total number of lung cancer patients in the chest diseases unit (TP) and total number of lung cancer patients who experienced that type of cause (TC). Then, the DPMO can be calculated from Equation 1 as follows: DPMO = TC x 1,000,000/TP
Sigma level for each type of cause is then calculated from DPMO by taking ratios as a Six Sigma level produces 3.4 DPMOs.
Analysis

Application of Six Sigma's tools
When the chest diseases unit realized that they had been suffering from high rates of lung cancer patients entering the Stage IIIB and Stage IV, they decided to focus attention on prevention and treatment of the causes for delay in the process. Experiencing high rates had resulted in the loss of patients. This was the rationale that the authors decided to implement a quality management system in the unit.
They found that best way to reduce these causes was to initiate Six Sigma statistics and tools. First, they generated a SIPOC (Supplier, Input, Process, Output and Customer) Table (Table 1) for the overall process. Next, they calculated the frequency of each type cause by means of descriptive statistical analysis (Table 2) . By interviewing the patients and/or their relatives; the authors traced, recorded the root causes of delay, classified the causes according to type and counted the number of patients that experienced each type of cause (Table 2) . The authors defined the performance objective of the process as minimized number of inoperable lung cancer patients, i.e. minimum number of delayed causes. To achieve the performance objective, the authors determined the Critical-to-Quality (CTQ) factors by brainstorming. The CTQ factors were those factors that might have a negative influence on the objective. The authors generated a Fishbone diagram depicting the effects of patient, technician, doctor and technology on inoperability. Then, sigma levels of complications were calculated from DPMOs (Table 3 ).
In addition, sources and CTQs were demonstrated per complication type (Table 3) . The highest sigma level was obtained for the failure to take chest radiograph in correct position of patient by the radiologist. The lowest sigma level was found to belong to the absence of patient's check-up habit. Having sigma levels lower than 4.00; all types of causes needed to be significantly reduced. The process sigma level, calculated from the arithmetic average of sigma levels of thirteen causes, was found to be 3.0519.
Failure Mode and Effect Analysis (FMEA)
Risk assessment of the process was achieved by the Failure Mode and Effect Analysis (FMEA). Utilization of the FMEA involved break down the process into individual steps: potential failure modes (i.e. causes of delay), severity score, probability (or occurrence) score, hazard score, criticality and detectability so that the authors could look at key drivers in the whole process based on the past experience.
Occurrence trends and consequences of causes of delay over a 3-year period had been monitored and recorded. The authors prioritized the causes according to how serious their consequences were (i.e. severity score); how frequently they occurred (i.e. probability score) and how easily they could be detected. Hazard analysis was employed in order to identify the possible effects of causes. The authors determined the severity of each type of cause of delay and assigned scores for them. The severity of each cause was scored from 1 to 4 (Table 4) . For each type of the cause, the hazard score was calculated by multiplying the severity score with the probability score. Then, an FMEA table was drawn (Table 5) . Next, the authors compared the hazard scores of the causes.
Among the causes of delay, the absence of patient's check-up habit yielded the highest hazard score. Likewise, patient's anxiety and worry causing his late admission to doctor also yielded a very high hazard score. Being the two more hazardous and more frequent causes that the patients had experienced, these causes also yielded the lowest levels of sigma. The failure to take good quality chest radiograph and the failure to set an average appropriate dose of a chest radiograph were found to result in the same hazard score. According to FMEA, the failure to take chest radiograph in correct locus of patient by the radiologist was the least hazardous cause of delay.
4.Discussion
While many studies report that there was no definitive screening test for the early diagnosis of lung cancer (Melamed et al., 1981; Strauss et al., 1993) , other studies claim that the patients were diagnosed at an advanced stage since the duration from the initial symptoms of lung cancer until its diagnosis and treatment was long (Jensen et al., 2002) . Although rarely discussed, it is well known that diagnosis is delayed by the lack of knowledge and oversights related to patients, doctors, technicians, technology and hospitals.
This study expresses that patient-related causes are the dominant reasons for the diagnosis of lung cancer during the advanced stages, namely Stage IIIB and Stage IV.
The authors record the most crucial problems as the absence of patient's check-up habit and patient's anxiety and worry causing his late admission to doctor.
On the other hand, in several studies, it was reported that the long waiting time for examination in hospital was the reason for late diagnosis (O'Rourke and Edwards. 2000; Mohammed et al., 2011; Gonzalez et al., 2003) . Myrdal et al. (2004) concluded that long waiting time had not been related to poor prognosis.
Since this study was undertaken in a private hospital, accessibility to health care and aggressiveness of the diagnostic approach were not determined among the causes of delay in the unit. On the contrary, the authors made use of advanced diagnostic approaches and patients' access to doctor was easy.
We believe that being one of the main factors in late diagnosis, absence of patient's check-up habit has an effect on prognosis. In the early stage, it is possible to diagnose a lung cancer patient with a tumour size of 2.0 cm by means of a chest radiograph. The studies showed that 70-80% of males diagnosed with a Stage I lung cancer could be treated by surgery and added that lung cancer related deaths could be prevented whereas if the cancer were diagnosed at symptomatic stage, mortality rate would be 90% (Melamed and Flehinger, 1984) . Doctors and public health personnel are responsible for giving patients the habit of check-up. In a research conducted in the UK, patient's lack of knowledge and awareness related to symptoms of lung cancer were found to be crucial factors in late diagnosis (Tod et al., 2008) . Thus, education of risky groups is of crucial importance.
The American Cancer Society (2002) has thoroughly reviewed the subject of lung cancer screening and issued guidelines that are aimed at doctors and other health care providers. Patients should be asked about their smoking history. Patients who meet the following criteria may be candidates for lung cancer screening: 55 to 74 years old, have at least a 30 pack/year smoking history, are either still smoking or have quit smoking within the last fifteen years.
In their study, Tod and Craven (2006) stated the following for the diagnostic delay in patients with lung cancer:
-The patients think that the cough is due to another health problem, e.g. winter virus, a chronic chest problem, etc.
-The patients think that the problem will clear up if left alone.
-The patients are frightened that the cough may mean something more serious, e.g. lung cancer.
-People who were ex-smokers or non-smokers thought that they had no risk of lung cancer.
-Family practitioners do not follow the guidelines.
In several studies, anxiety was shown to have an impact on patient delay (Arndt et al., 2002; The Ronnie Lippen/Tower Cancer Research Foundation and the Dohring Company, 2008; Mitchell et al., 2008) . They concluded that anxiety associated with recognizing a potential cancer symptom had resulted in delayed presentation. Their result is consistent with the findings of this study.
In this study, it was determined that patients had not consulted a doctor due to their anxiety and worry of being diagnosed with lung cancer. It was also found that they had decided to consult a doctor when the symptoms worsened and added that none of the patients had taken chest radiographs in the last six months.
The Six Sigma Methodology is a powerful performance improvement technique that is changing the face of modern healthcare industry today (Taner et al., 2007) . Being a method that eliminates faults and errors, Six Sigma makes use of structured statistics as a part of its DMAIC (Define-Measure-Analyse-Improve-Control) tool. This tool finds the main causes behind problems and to reach near perfect processes. It is useful to analyse and modify complicated time-sensitive healthcare processes involving multiple specialists (Taner et al., 2009) . It identifies, reduces the causes of delay and thus minimizes the variability in the process (Taner et al, 2013) .
To date, Six Sigma Methodology was successfully employed in several areas of health care such as radiology, emergency room, surgical infection sites, intensive care, doctor's turnover intentions, diagnostic imaging, ophthalmology, cardiology, pharmacy and haemodialysis (Cherry and Seshadri, 2000; Miller et al., 2003; Frankel et al., 2005; Eldridge et al., 2006; Taner and Sezen, 2009; Taner et al., 2012; Taner, 2013; Taner et al., 2013; Arafeh et al., 2014; Ekinci et al.) .
The authors developed preventive measures for each type of cause in order to bring the overall process under control (Table 6) . By brainstorming on the mechanisms underlying the causes, they implemented the following corrective action plan to reduce the causes. Recruit biomedical experts to work in hospitals, Provide periodic maintenance for biomedical equipment.
XI
Reaching incomplete or incorrect diagnosis due to taking non-contrast tomography.
Increase cooperation between doctors and technicians.
XII
Failure to take chest radiograph in correct locus of patient.
Continuously re-train technicians.
XIII
Failure to set an average effective dose of a chest radiograph.
Conclusion
In this study, the authors applied Six Sigma tools to reduce the late diagnosis of lung cancer. They found that absence of patient's check-up habit, anxiety and worry causing his late admission to doctor were the crucial causes of delay that had led to inoperability.
To reduce the delays that lead to inoperability, the authors advise the following measures to be taken:
-Regular seminars must be held in order to increase the socio-psychological level of the public.
-Written, visual and social media must cooperate with doctors to effectively increase the public's awareness for rare and common symptoms of lung cancer. The public should be made aware that early stage lung cancer could be cured.
-Periodic seminars should be held for the public in hospitals. The public should be made aware that selfprescription might delay the diagnosis.
-With the help of the written, visual and social media; the public must be alerted and encouraged so that they can use regular check-up programs. These programs should be integrated into government policy.
The authors also found that education of the public and patients; CME of doctors; training of technicians; and regular maintenance of biomedical equipment could minimize the delays. More rigorous CME process should be carried out on the doctors. Periodic maintenance of biomedical equipment in hospitals should be made. Training of medical technicians on the functions of the equipment should be repeated.
